Reactions of ethyl 4-aryl-2,4-dioxobutanoates 1a-c at ambient temperature with diaminomaleonitrile in glacial acetic acid and with malononitrile in ethanol/ H 2 O (1:1) led to the formation of 5-(2-aryl-2-oxoethyl)-6-oxo-1,6-dihydropyrazine-2,3-dicarbontrile 2a-c and ethyl 5-amino-4,6-dicyanobiphenyl-3-carboxylate derivatives 3a-c, respectively.
Introduction
Pyrazines are important flavor components in food [1] , and show diverse biological activities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Diaminomaleonitrile (DAMN), a tetramer of hydrogen cyanide and a weakly basic diamine with similar reactivity to o-phenylenediamine, is an important synthetic precursor to pyrazine-2,3-dicarbonitriles [12] . DAMN can be condensed with α-diketones [12] , glyoxal, α-keto aldehydes, α-keto oximes [13] , α-keto thioesters [14] , α-keto esters [15] [16] [17] and 4-acylfuran-2,3-diones [16, 17] to provide pyrazine-2,3-dicarbonitriles in good yields. On the other hand, malononitrile is an important starting material for the preparation of 2,6-dicyanoanilines [18] biphenyl-3-carboxylates [19] and 3-cyano-2-pyridinones [20] . In this paper we report simple procedures for synthesis of 2,3-dicyanopyrazine 2a-c and ethyl 4,6-dicyanobiphenyl-3-carboxylate derivatives 3a-c by reaction of ethyl 4-aryl-2,4-dioxobutanoates 1a-c with diaminomaleonitrile and malononitrile, respectively (Scheme 1).
Results and discussion
The reactions of ethyl aroylpyruvates 1a-c with diaminomaleonitrile in glacial acetic acid at room temperature for 12 h gave the pyrazine-2,3-dicarbonitriles 2a-c in moderate to good yields. On the other hand, treatment of compounds 1a-c with malononitrile under the neutral conditions in ethanol/H 2 O at room temperature for 3 h afforded the corresponding ethyl 5-amino-4,6-dicyanobiphenyl-3-carboxylates 3a-c in good to high yields (Scheme 1). The structures of products 2a-c and 3a-c were deduced from their elemental analyses, IR, 1 H NMR, 13 These results show that DAMN undergoes cyclization by nucleophilic attack on the hydroxy ester fragment (C-1 and C-2) of compound 1 to produce pyrazine-2,3-dicarbonitrile derivatives 2 (Scheme 1) [21] . Nucleophilic attacks of two equivalents of CH 2 (CN) 2 occur at carbonyl groups (C-2 and C-4) of the ethyl aroylpyruvate 1, followed by cyclization of the intermediate product 4 and then hydrolysis of the nitrile function to obtain the corresponding 5-amino-4,6-dicyanobiphenyl-3-carboxylate 3 (Scheme 1) [19] .
Conclusion
Convenient synthetic routes to 5-(2-aryl-2-oxoethyl)-6-oxo-1,6-dihydropyrazine-2,3-dicarbontriles 2a-c and ethyl 5-amino-4,6-dicyanobiphenyl-3-carboxylates 3a-c starting from ethyl 4-aryl-2,4-dioxobutanoates 1a-c are described.
Experimental
The reagents were purchased from Merck and used without purification. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. Infrared spectra were measured using KBr disks on a Thermo Nicolet 8700 FT-IR spectrometer. 1 H NMR and 13 C NMR spectra were recorded on a Bruker DRX-300 AVANCE instrument at 300 MHz or 500 MHz and 75 MHz or 125 MHz, respectively, using TMS as internal standard and DMSO-d 6 or CDCl 3 as solvent. Thin-layer chromatography was performed on Silufol-UV 254 plates. Mass spectra were obtained on an Agilent HP 5973 mass spectrometer operating at ionization potential of 70 eV. Ethyl 4-aryl-2,4-dioxobutanoates 1a-c were prepared from diethyl oxalate (10 mmol) and 4′-substituted acetophenone (10 mmol) in the presence of sodium ethoxide (10 mmol) in ethanol (30 mL) as previously reported [22] .
General procedure for the synthesis of pyrazine-2,3-dicarbonitriles 2a-c
To a stirred solution of diaminomaleonitrile (1.0 mmol) in glacial acetic acid (10 mL) was added compound 1a-c (1.0 mmol) at room temperature and the mixture was then stirred for 12 h. The progress of the reaction was monitored by TLC (eluent AcOEt/hexane, 1:1). After removal of the solvent, the residue was crystallized from acetonitrile for 2a, 2-propanol for 2c and washed with chloroform for 2b. 5-amino-4,6-dicyanobiphenyl-3-carboxylate derivatives 101   156.6, 159.5 (4C=N), 173.3 (2C=O, amide) 
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